We present near-infrared observations of 71 newly discovered L and T dwarfs, selected from imaging data of the Sloan Digital Sky Survey (SDSS) using the i-dropout technique. Sixty-five of these dwarfs have been classified spectroscopically according to the near-infrared L dwarf classification scheme of Geballe et al. and the unified T dwarf classification scheme of Burgasser et al. The spectral types of these dwarfs range from L3 to T7, and include the latest types yet found in the SDSS. Six of the newly identified dwarfs are classified as early-to mid-L dwarfs according to their photometric near-infrared colors, and two others are classified photometrically as M dwarfs. We also present new near-infrared spectra for five previously published SDSS L and T dwarfs, and one L dwarf and one T dwarf discovered by Burgasser et al. from the Two Micron All Sky Survey. The new SDSS sample includes 27 T dwarfs and 30 dwarfs with spectral types spanning the complex L-T transition (L7-T3). We continue to see a large (∼ 0.5 mag) spread in J-H for L3 to T1 types, and a similar spread in H-K for all dwarfs later than L3. This color dispersion is probably due to a range of grain sedimentation properties, metallicity, and gravity. We also find L and T dwarfs with unusual colors and spectral properties that may eventually help to disentangle these effects.
INTRODUCTION
Over the last decade, the search for rare astronomical objects has undergone an explosion of productivity, thanks in part to the specialized labor associated with modern digital sky surveys. Innovative programmers and instrumentalists designing highly automated software pipelines and large imaging arrays have laid the groundwork for massive databases that can now be mined for objects once only thought to exist. The result of these efforts has been the most productive period in history for the discovery of rare objects, which range from the brightest and most distant quasars (Fan et al. 1999 (Fan et al. , 2000a (Fan et al. , 2001a (Fan et al. ,b, 2003 (Fan et al. , 2004 Zheng et al. 2000) to the faintest and nearest stars and brown dwarfs (Kirkpatrick et al. 1999; Burgasser et al. 1999; Kirkpatrick et al. 2000; Fan et al. 2000b; Leggett et al. 2000; Burgasser et al. 2002a; Geballe et al. 2002 , hereafter G02; Knapp et al. 2004, hereafter K04) .
Since the first discoveries of L and T dwarfs in the early 1990s, the ranks of these spectral classes have been populated through systematic searches of largearea, optical and near-infrared surveys such as the Deep Near Infrared Survey of the Southern Sky (DE-NIS; Epchtein 1997), the Two Micron All Sky Survey (2MASS; Skrutskie et al. 1997) , and the Sloan Digital Sky Survey (SDSS; York et al. 2000) . Although time intensive, these searches are more productive and efficient than the tedious, pointed surveys that pre-ceded them. The optical and near-infrared spectra of the many known L and T dwarfs have yielded well-defined classification schemes and valuable information about the chemical compositions, temperatures, and other physical characteristics of ultracool dwarfs (Kirkpatrick et al. 2000; Burgasser et al. 2002a ; G02; K04, Golimowski et al. 2004a) . L and T dwarfs, which link the lowest mass stars and the highest mass planets, are the subjects of a broad range of observational and theoretical studies (Kirkpatrick 2005) . A principal goal of these studies is the determination of the substellar mass function, which is fundamental to understanding the star formation process at the lowest mass end and how it is related to the formation and evolution of planetary systems (Burgasser et al. 2004b; Allen et al. 2005) . The hundreds of L dwarfs and more than 50 T dwarfs discovered from 2MASS and SDSS data compose a statistical sample of brown dwarfs essential to understanding the demographics and eventually the luminosity and mass functions of substellar objects (Fan et al., in prep.) .
Since 1999, we have used SDSS imaging data to select L and T dwarf candidates and carry out follow-up observations of their photometric and spectroscopic properties (Strauss et al. 1999; Tsvetanov et al. 2000; Fan et al. 2000b; Leggett et al. 2000 Leggett et al. , 2002 Schneider et al. 2002; G02; Hawley et al. 2002; K04; Golimowski et al. 2004a ). The SDSS i-z color, which is our primary selection criterion, is sensitive to brown dwarfs of all effective temperatures as long as they are bright enough to be detected in the z band. Near-infrared selection criteria, such as those employed by the 2MASS group (e.g., Burgasser et al. 2002a) , are more sensitive to late-T dwarfs which are optically faint, but they are less efficient in detecting dwarfs at the L-T transition because their near-infrared colors are indistinguishable from those of the more numerous M dwarfs. Therefore, the SDSS selection criterion is better suited for defining a complete, magnitude-limited sample of field brown dwarfs.
In this paper, we report the discovery and properties of 71 L and T dwarfs drawn from over 3500 deg 2 of SDSS imaging data. We describe the techniques for identifying and confirming these dwarfs based on their SDSS and near-infrared colors. We classify 65 of the L and T dwarfs from their near-infrared spectra, and we identify 6 L dwarfs and 2 M dwarfs from their photometric colors. The observations are presented in §2, spectral classification of the sample is presented in §3, and variations in the photometric and spectroscopic properties are discussed in §4. Our conclusions are given in §5.
OBSERVATIONS
The search for nearby, ultracool dwarfs at optical wavelengths is fortuitously related to the search for the most distant galaxies and quasars in the universe. Because both types of objects have very red optical colors caused by rising flux into the near-infrared, a search for one yields the other (or from another perspective, one is the unwanted contaminant of the other). The "i-dropout" and related techniques have been employed in nearly all high-redshift observing programs, so a joint effort to find L and T dwarfs with these techniques benefits both programs.
General Selection Method
We select candidate L and T dwarfs using the i and z magnitudes of sources listed in the SDSS photometric catalog.
The SDSS uses a dedicated 2.5 m telescope in a drift-scanning mode to acquire digital images.
The hardware and software pipelines that produce the final astrometry and photometry have been described by the project collaborators elsewhere in detail: Fukugita et al. (1996) , Gunn et al. (1998) , Hogg et al. (2001) , Lupton et al. (1999) , Stoughton et al. (2002) , Smith et al. (2002) , Pier et al. (2003) , and Abazajian et al. (2004) . Fan et al. (2001b) described the i-dropout selection and identification procedures used in this program. The photometric selection criteria are:
(1)
Because most of the SDSS area is imaged only once and our i-dropout technique favors one-band detections, our initial list of L and T dwarf candidates is heavily contaminated by cosmic rays. False detections from cosmic rays and intrinsic faintness are the main problems preventing the SDSS itself from discovering these objects, as well as z > 5.7 quasars, in its automated spectroscopic oberving program (Richards et al. 2002) . We conservatively remove cosmic rays from our list by visual inspection.
The reality of the remaining bright candidates can be immediately confirmed by correlating the list with the 2MASS All-Sky Point Source Catalog, which contains near-infrared photometry down to a 10σ detection limit of J = 15.8. We matched our SDSS candidates with 2MASS sources, allowing for small astrometric errors caused by the proper motions of these nearby dwarfs. Although the z-J colors of ultracool dwarfs are very red (z-J > 2; Fan et al. 2001b) , our fainter candidates often do not appear in the 2MASS catalog because of 2MASS's shallower imaging depth. Those fainter candidates not confirmed by 2MASS were further examined through independent J-band imaging. Additional SDSS i and z imaging was carried out to secure our primary color criterion of i-z > 2.2.
The followup J-band photometry allows us to distinguish very red L and T dwarf candidates from bluer high-redshift quasar candidates. Quasars at redshifts > 5.7 have z-J < 1.5 because their intrinsic continua are dominated by a blue power law. Ultracool dwarfs are more easily discovered than quasars because they are much redder, and therefore, significantly brighter in the J band. Applying the selection criteria above to a 6600 deg 2 survey area, we have confirmed 53 T dwarfs and over 100 L dwarfs (including those found in this work), but only 19 quasars with redshifts > 5.7. Finally, we obtained near-infrared spectra of candidates whose colors matched those of L and T dwarfs, at the wavelength resolution needed to determine the dwarf classification indices.
Photometric Observations
The area of sky covered in this work is 3526 deg 2 , comprising imaging runs recorded from early 2003 to 2005 and a few earlier runs that had been reprocessed through the SDSS photometric pipeline. Eighty four idropout candidates were selected using the criteria in Equation (1), and then examined with the 2MASS catalog or follow-up z and J imaging. A few additional candidates with attributes outside of our formal selection limits were also selected, in order to fill gaps during observations. We obtained z-band images with the SPI-CAM imager on the Astrophysical Reseach Consortium (ARC) 3.5 m telescope at the Apache Point Observatory. The typical exposure time needed to verify the presence of a z = 20.4 source was ∼ 60 s. We obtained J-band images with the 256 × 256 NICMOS camera on Steward Observatory's 2.3 m Bok Telescope, and the GRIM II and NIC-FPS imagers on the ARC 3.5 m telescope.
Candidates surviving our initial photometric screening were then imaged through the Mauna Kea Observatory (MKO) J, H, and K bands Tokunaga et al. 2002) using the United Kingdom Infrared Telecope (UKIRT) Fast-Track Imager (UFTI; Roche et al. 2003) or the NASA Infrared Telescope Facility (IRTF) imager/spectrometer SpeX (Rayner et al. 2003) . UKIRT Faint Standards (Hawarden et al. 2001) were used to calibrate the data. Typical exposure times were 60 s, with a five or nine point dither pattern. Table 1 lists the SDSS designations, SDSS iz and MKO JHK magnitudes, and observation details for the 73 M, L, and T dwarfs discovered in this work.
7 Although the 7 The SDSS iz magnitudes are based on the AB system, whereas the MKO JHK magnitudes are based on the Vega system. The photometric errors of these objects in the SDSS public data releases SDSS i-band 5σ detection limit is 22.5, the SDSS photometric pipeline yields asinh magnitudes below this flux limit (Lupton et al. 1999) . For this reason, we identify with brackets those SDSS i magnitudes in Table 1 that imply non-detections. The SDSS designations contain the J2000.0 right ascensions and declinations in sexigesimal format, truncated to the significant digit shown. The positions are accurate to better than 0.
′′ 1 in each coordinate. For brevity, we hereafter refer to the dwarfs by the abbreviated form, SDSS JHHMM±DDMM. One T dwarf, SDSS J1534+1615AB, has recently been resolved into a close binary using the laser guide star and adaptive optics systems at the Keck Observatory (Liu et al. 2006) . Figure 1 displays 3 ′ × 3 ′ z-band finding charts for the 73 dwarfs in our sample. Table 2 lists MKO JHK magnitudes for three 2MASS dwarfs (2MASS J0034+0523, 2MASS J1209−1004, 2MASS J2101+1756) as well as UFTI Z magnitudes may differ from those published here due to reprocessing of the data.
for 2MASS J1209−1004 and seven previously published SDSS L and T dwarfs (Burgasser et al. 2004a; K04) . The Z-band data are not used in this analysis but are presented for future reference.
Spectroscopic Observations
We obtained near-infrared spectra of 65 newly identified SDSS dwarfs whose near-infrared colors are consistent with types mid-L and later. We also obtained spectra of the T dwarf 2MASS J1209−1004 (Burgasser et al. 2004a) , the mid-L dwarf 2MASS J2101+1756 (Kirkpatrick et al. 2000) , three L dwarfs identified by K04 on the basis of their colors (SDSS J0740+2009, SDSS J0756+2314, and SDSS J0809+4434), one L dwarf with uncertain spectral type (SDSS J0805+4812; K04), and one T dwarf with incomplete spectral coverage (SDSS J2124+0100; K04). The new spectra allow more accurate classification of these previously reported L and T dwarfs. We did not obtain spectra of the two M dwarfs and six early-to mid-L dwarfs because of observing time 
constraints.
The spectra were obtained using the UKIRT Imager/Spectrometer (UIST; Ramsay-Howat et al. 2000) and Cooled Grating Spectrometer (CGS4; Wright et al. 1993) on UKIRT, as well as SpeX at the IRTF. The UKIRT instrument configurations and observational procedures are described by K04. SpeX was used in the low-resolution prism mode with a slit width of 0.
′′ 5, giving a wavelength coverage of 0.8-2.5 µm with a resolution of ∼ 150. The on-target exposure time was 120 s, and each star was nodded along the slit for a total observation time of 48-80 min. Flat fields and arc spectra for wavelength calibration were obtained using the SpeX calibration box lamps. A0 stars were observed as telluric calibrators, and the data were reduced using the Spextool package (Cushing et al. 2004) . The flux calibration of the spectra was improved by adjusting the relative flux level to match our JHK photometry. Tables 3 and 4 list the instruments and dates of observation for each dwarf in our spectral sample. Figure 2 shows spectra of selected L and T dwarfs representing the range of types in our sample.
8 Most spectra cover the wavelength range ∼ 1-2.5 µm. Interesting and diagnostic absorption features are identified above the displayed spectra.
SPECTRAL CLASSIFICATION
The near-infrared classification of L and T dwarfs is generally accomplished either by directly comparing the spectra with standard-dwarf templates or by measuring indices defined for their diagnostic spectral bands (i.e., H 2 O and CH 4 ). As in our past work, we use the spectralindex approach, which is robust even with medium to low signal-to-noise ratios and spectral resolution.
To place our present sample of SDSS L dwarfs in the context of those presented by G02 and K04, we classified the L dwarfs using the near-infrared spectral indices of G02. However, we classified the T dwarfs using the new spectral indices of , which unify the similar T classification schemes of G02 and Burgasser et al. (2002a) . The unified scheme uses five primary indices: H 2 O-J centered at 1.15 µm, CH 4 -J at 1.32 µm, H 2 O-H at 1.4 µm, CH 4 -H at 1.65 µm, and CH 4 -K at 2.2 µm. The values of the unified indices are inverted with respect to those of G02, i.e., the values of the unified indices decrease with later T type. We used both the G02 and unified indices to classify the suspected L-T transition dwarfs, as in some cases one scheme suggests a late-L type and the other scheme suggests an early-T type. Table 3 lists the G02 indices of 61 L and early-T dwarfs for which we have obtained new near-infrared spectra. Of these, 56 are newly identified from the SDSS and 5 are previously known SDSS and 2MASS dwarfs, as described in §2.3. Values in square brackets are uncertain and have not been included in the final spectral classification. When only a single index could be measured reliably, the spectra were visually compared with standard subtypes for more accurate classification. Table 4 lists the indices for 45 late-L and T dwarfs from the unified scheme of .
9 In both tables, the uncertainty in the mean spectral type is ±0.5 subtype, unless otherwise stated. Table 5 lists, in order of spectral type, the optical and/or near-infrared colors of the 72 dwarfs for which we have new spectra, plus 2MASS J0034+0523. Multiple photometric and spectroscopic measurements (including data from K04) were averaged before determining the final colors and types. The i-z colors for dwarfs not detected in i were computed using the SDSS 5σ detection limit of i = 22.5. The spectral types of all newly dis- Revised spectral types for previously published SDSS T dwarfs and two late-L dwarfs (SDSS J1104+5548 and SDSS J2047−0718) are given in Table 14 of . -The unusual spectra of the L7.5 ± 2.5 dwarf, SDSS J1025+3212 (thick lines). The spectra show 1.1 µm H 2 O and 1.4, 2.2 µm CH 4 absorption features usually associated with T0 dwarfs, as well as H 2 O features typical of L5 dwarfs. The 1.6 µm CH 4 absorption features seen in the CGS4 and SpeX spectra appear variable. Spectra of SDSS J0539−0059 (L5) and SDSS J0837−0000 (T1) are shown for reference (Leggett et al. 2000) . Tables 3 and 4 , respectively. The subtypes adopted for the L8-T1 dwarfs are those produced by the classification scheme that exhibited the more definitive and complete set of indices for its resultant subtype. If both schemes indicated a late-L type, then the G02 designation was adopted. If both schemes indicated an early-T type, then the unified T classification of was used. The only exception to these rules is SDSS J1511+0607 (T0 ± 2), for which a definitive set of indices was derived only in the G02 scheme. The uncertainties of all the subtypes listed in Table 5 are ±0.5 subtype, unless otherwise stated.
covered L and T dwarfs are taken from
The uncertainties of the L6-T1 dwarfs are typically > 1 subtype, which suggests that the presence of condensate cloud decks undermines the internal consistency of the spectral indices. Consequently, the indices become more a probe of cloud optical depth than a measure of effective temperature (Stephens 2003 , K04, Leggett et al. 2005 . Approximately 75% of the dwarfs whose mean spectral types are very uncertain have CH 4 -K spectral types that are significantly earlier than indicated by their J-and Hband indices. This effect is also seen in the L8-T0 sample of K04. Because the optical and K-band fluxes emerge from more opaque regions of the atmosphere (specifically from regions above the cloud decks), they are likely to be better indicators of T eff than the flux emerging from the clear J-and H-band windows. Golimowski et al. (2004a) showed that T eff is approximately constant for L7 to T4 types, so it might be expected that the L-T transition dwarfs have a constant optical and K-band spectral type of ∼ L8, while their J-and H-band indices reflect changes in optical depth caused by varying condensate clouds.
The newly identified L dwarf SDSS J1025+3212 (L7.5 ± 2.5) has particularly scattered spectral indices (Tables 3 and 4 ), indicating that it may be multiple and/or variable. Figure 3 shows the SpeX and CGS4 spectra of SDSS J1025+3212 along with comparison L5 and T1 spectra. Its H 2 O-J index suggests a T0 type, while its CH 4 -J, H 2 O-H, and CH 4 -K indices suggest a Table 5 of this work (solid points) and reported previously by Knapp et al. (2004) and Leggett et al. (2002) mid-L type. Evidence of CH 4 absorption at 1.6 µm is seen in the CGS4 spectrum but not in the SpeX spectrum obtained one month later. Attempts to reproduce the spectrum as a composite of L and T spectra failed. High-resolution imaging and photometric monitoring are needed to investigate the nature of this peculiar brown dwarf.
Ambiguous types like SDSS J1025+3212 give cause for reexamining the near-infrared classification scheme for L dwarfs, especially near the L-T transition. Moreover, two of the first known early-T dwarfs, SDSS J0423-0414 and SDSS J1021-0304, have recently been found to be binary (Burgasser et al. 2006; Burgasser et al., in prep.) . These binary dwarfs contributed significantly to the definition of G02's standard indices at the L-T transition. Revision of these indices must be based on single dwarfs, so knowing which transition dwarfs are multiple is prerequisite to merging a revised L infrared classification scheme with the unified T classification scheme of . Several high-resolution imaging searches for close-binary brown dwarfs are being conducted with the Hubble Space Telescope and ground-based adaptive optics imagers (Burgasser et al. 2003; Bouy et al. 2003; McCaughrean et al. 2004; Golimowski et al. 2004b; Liu & Leggett 2005; Liu et al. 2006 ; Burgasser et al. 2006) . Segregating the single and multiple transition dwarfs will not only help define the "standard" L and T sequences, but it will clarify our understanding of the breakup of the condensate cloud decks across the L-T transition, which is presently a controversial aspect of ultracool atmosphere models (Burgasser et al. 2002b; Tsuji & Nakajima 2003; K04, Burrows et al. 2005 ). Figure 4 shows plots of SDSS and MKO colors versus spectral type for the L and T dwarfs listed in Table 5 of this paper and in Table 9 of K04. Most of the spectral types have been assigned by us from our own spectra, but a few types are adopted from other published work. (See notes for Table 5 and K04's Table 9 .) While the colors are generally correlated with spectral type, they are also significantly scattered. The J-H colors of L3-T1 dwarfs show a dispersion of ∼ 0.5 mag, as do the H-K colors of all dwarfs later than type L3. These dispersions are likely due to wide ranges of grain sedimentation properties and metallicity in the L dwarfs and wide ranges of gravity and metallicity in the T dwarfs (K04, and references therein).
SPECTRAL TYPE AND NEAR-INFRARED COLORS
As noted by K04, a small population of L dwarfs has unusually blue near-infrared colors, and we have found in this sample a small population of T dwarfs with unusually red colors. These unusual dwarfs are marked in Figure 4 . Figure 5 shows the spectra of the anomalously blue mid-L dwarfs SDSS J1033+4005, SDSS J1422+2215 and SDSS J1121+4332, along with the spectrum of the normal L6 dwarf SDSS J0654+6528. The spectra of the blue dwarfs show strong H 2 O and FeH absorption bands, which may be due to subsolar metallicity and/or thinner condensate cloud decks. Figure 6 shows the spectra of the unusually red early-T dwarfs SDSS J1516+3053 and SDSS J1415+5724, along with two normal reference spectra. SDSS J1516+3053 shows weak CH 4 bands but strong H 2 O bands. SDSS J1415+5724 shows an unusually weak K-band CH 4 band. Attempts to reproduce these spectra as composite binary systems failed, but, as previously discussed, we may not know the true spectra of single L-T transition dwarfs. Liu et al. (2006) show that one of our new T dwarfs, SDSS J1534+1615, is a close T1-T2 and T5-T6 binary whose brighter J-band component is the fainter one in H and K. This nearinfrared flux inversion suggests that the system straddles the "early T hump" in the absolute magnitude-color diagrams (e.g. K04, Golimowski et al. 2004 ). Clearly, high-resolution imaging of dwarfs with unusual colors is warranted, as are parallax and velocity studies to determine their kinematic properties.
SUMMARY
Thanks to the great gains in detection efficiency provided by large digital sky surveys, observers have reached the once-unimaginable position of routinely discovering nearby field brown dwarfs. In this paper, we report the discovery of 71 L and T dwarfs identified during our ongoing search for high-redshift quasars and brown dwarfs in SDSS imaging data. Using near-infrared photometry and spectra obtained over the past two years at UKIRT and IRTF, we have classified these dwarfs using the L classification scheme of Geballe et al. (2002) and the new unified T classification scheme of . The near-infrared colors of the 71 dwarfs exhibit the same trends, scatter, and anomalies noted in previously re-ported samples. The unusual spectral features exhibited by some dwarfs may lead to a better understanding of their underlying atmospheric properties. We plan to apply our results to the revision of the spectral infrared indices used in the near-infrared classification of L dwarfs. We will also integrate the 71 new L and T into a complete magnitude-limited catalog for the purpose of determining the substellar luminosity function.
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